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BACKGROUND AND SUMMARY 

The present invention relates to semiconductor technology. 

Some embodiments of the invention facilitate creation of electromagnetic 
shielding for circuit nodes that carry AC (alternating current) signals. Such shielding 
1 0 advantageously reduces energy losses for the AC signals. The shielding also reduces 
noise in shielded regions. 

Some embodiments allow fabrication of capacitors and capacitor networks in a 
small area. 

According to some aspects of the invention, a circuit manufacturing method 
15 comprises: 

forming an opening in a first side of a semiconductor substrate, with a plurality of 
conductive layers overlaying each other in the opening, the conductive layers including a 
first conductive layer and a second conductive layer overlaying the first conductive layer 
such that the first and second conductive layers either (i) are separated by an insulating 
20 layer in the opening, or (ii) form a P-N jiinction in the opening, or (iii) form a Schottky 
junction in the opening; 

removing material fi*om a second side of the semiconductor substrate to expose 
the second conductive layer in the opening on the second side of the substrate. 

In some embodiments, the first and second conductive layers are separated by an 
25 insulating layer in the opening. 

In some embodiments, the first conductive layer shields the substrate fi*om AC 
signals carried by a contact pad made from the second conductive layer on a wafer 
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backside. Contact pads on the wafer backside can facilitate vertical integration and small 
scale packaging. See PCT publication WO 98/19337 (TruSi Technologies, LLC, 7 May 
1998) and US patent application no. 09/456,225 filed 6 December 1999 by O. Siniaguine 
et al. Both of these applications are incorporated herein by reference. 

5 In some embodiments, the first and second conductive layers provide conductive 

plates of a capacitor. 

In some embodiments, the invention provides a circuit structure comprising a 
semiconductor substrate, an opening passing through the substrate between a first side of 
the substrate and a second side of the substrate, and a plurality of conductive layers which 

10 overlay sidewalls of the opening, wherein the conductive layers include a first conductive 
layer and a second conductive layer such that the first and second conductive layers either 
(i) are separated by an insulating layer in the opening, or (ii) form a P-N junction in the 
opening, or (iii) form a Schottky jimction in the opening; wherein the second conductive 
layer is exposed on the second side of the opening, and the first conductive layer 

1 5 surrounds the second conductive layer in the opening. 

In some embodiments, a circuit manufacturing method comprises: 

forming an opening in a fixst side of a semiconductor substrate; 

forming at least three conductive layers overlaying each other in the opening, 
such that each two consecutive conductive layers either (i) are separated by an insulating 
20 layer in the opening, or (ii) form a P-N junction in the opening, or (iii) form a Schottky 
junction in the opening; 

removing material from a second side of the semiconductor substrate to expose at 
least one of said conductive layers in the opening on the second side of the substrate. 

In some embodiments, a circuit structure comprises: 

25 a semiconductor substrate, and an opening passing through the substrate between 

a first side of the substrate and a second side of the substrate; 

at least three conductive layers overl5dng each other in the opening, such that each 
two adjacent conductive layers either (i) form a P-N junction in the opening, or (ii) form 
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a Schottky junction in the opening, or (iii) are separated by an insulating layer in the 
opening; 

wherein one of said conductive layers is exposed on the second side. 

In some embodiments, a circuit manufacturing method comprises: 

5 forming an opening in a first side of a semiconductor substrate; 

forming a plurality of conductive layers overlaying each other in the opening, the 
conductive layers including a first conductive layer and a second conductive layer 
overlaying the first conductive layer such that the first and second conductive layers 
either (i) form a P-N junction, or (ii) form a Schottky diode junction; 

10 removing material from a second side of the semiconductor substrate to expose at 

least one of the first and second conductive layers on the second side. 

In some embodiments, a circuit structure comprises: 

a semiconductor substrate, and an opening passing through the substrate between 
a first side of the substrate and a second side of the substrate; 

15 a plurality of conductive layers overlaying each other in the opening, the 

conductive layers including first and second conductive layers which either (i) form a P- 
N junction in the opening, or (ii) form a Schottky junction in the opening; 

wherein at least one of the first and second conductive layers is exposed on the 
second side. 

20 Other features and advantages of the invention are described below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1-4A are vertical cross-sectional views of structures according to the present 
invention. 

Fig. 4B is a horizontal cross-sectional view of the structure of Fig. 4 A. 
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Figs. 5-17 are vertical cross-sectional views of structures according to the present 
invention. 

Figs. 18-22 are circuit diagrams corresponding to structures according to the 
present invention. 

5 Fig. 23 A is a vertical cross-sectional view of a structure according to the present 

invention. 

Figs. 23B, 23C, 24 are circuit diagrams corresponding to structures according to 
the present invention. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

10 The embodiments described in this section illustrate but do not hmit the 

invention. The invention is not limited by any particular materials, dimensions, and 
fabrication processes. 

Fig. 1 illustrates a semiconductor wafer 110 which will include one or more 
backside contact pads. In some embodiments, the wafer has been processed to form 
15 transistors, capacitors, resistors, conductive lines, and/or other circuit elements, or 

portions of circuit elements (not shown). Circuit elements fabricated in, above, or below 
the substrate 1 10 can be present An insulating layer 120 has been formed on the wafer. 
In some embodiments, insulator 120 is used in other portions of the wafer to form the 
circuit elements mentioned above. In some embodiments, insulator 120 is omitted. 

20 Then a mask (not shown) is formed on the wafer using a conventional 

photoUthographic process, and one or more openings 130 are etched in the wafer through 
the insulator 120. The depth of each opening 130 exceeds the final thickness of the wafer 
at the location of the opening (the wafer will be thinned as described below). The lateral 
shape and dimensions of each opening 130 correspond to the desired shape and 

25 dimensions of a backside contact pad to be formed in the opening. In some 

embodiments, the depth Dl of each opening 130 is about 100 ^m. At least some of the 
openings 130 are shaped as an inverted truncated cone having a top diameter D2 of 30-50 
(im, or an inverted truncated pyramid whose top surface is a square of a side of 30-50 j^m. 
An opening may also be shaped as a non-inverted truncated cone or pyramid or as a 
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cylinder. An opening may have a rounded bottom. For example, hemispherical openings 
are used in some embodiments. An opening may be elongated (as a groove). Other 
shapes and dimensions are possible. Different openings 130 may have different shapes 
and dimensions in the same wafer. 

Suitable processes for forming the openings 130 are described in the 
aforementioned PCT publication WO 98/19337. As described therein, the mask (not 
shown) for etching the openings can be made of photolithographically patterned 
aluminum. The invention is not limited to any particular process. 

A conductive layer 210 (Fig. 2) is fornied over the wafer. Layer 210 will provide 
electromagnetic shielding in openings 130. Layer 210 overlays the sidewalls of openings 
1 30. Layer 2 1 0 can be photohthographically patterned if desired. 

Then an insulating layer 310 (Fig. 3) and a conductive layer 320 are formed over 
the wafer. These layers can be patterned as desired. In some embodiments, the layers 
210, 310, 320 completely cover the inner surface (sidewalls and bottom) of each opening 
130. 

Optionally, the openings 130 can be completely or partially filled by some 
material 340 for increased mechanical strength and, possibly, increased electrical and 
thermal conductivity. Both conductive and insulating materials can be used. See the 
aforementioned PCT pubhcation WO 98/19337. In other embodiments, the openings are 
filled with a plug made firom layer 320. In other embodiments, the openings are not filled. 

The processes illustrated in Figs. 1-3 (formation of openings 130 and layers 120, 
210, 310, 340, and the patterning steps) can be used to fabricate other circuit elements in 
the wafer, and/or can be intermixed with steps fabricating other circuit elements. 

Then the structure is thinned fi-om the backside HOB. Openings 130 become 
exposed (see Fig. 4A). Layers 210 and 310 are removed at the bottoms of openings 130 
but remain on the sidewalls. Layer 320 is exposed on the wafer backside. In some 
embodiments, layer 320 covers the sidewalls of openings 130, and each of layers 310, 
210 surrounds the layer 320 in the openings, as shown in the horizontal cross sectional 
view of Fig. 4B. 



The bottom portion 320C of layer 320 provides a contact pad that can be bonded 
to a wiring substrate (e.g. a printed circuit board) or to another integrated circuit. See 
U.S. patent appHcation 09/456,225, filed 6 December 1999 by O. Siniaguine et al., 
entitled 'TACKAGING OF INTEGRATED CIRCUITS AND VERTICAL 
5 INTEGRATION", incorporated herein by reference. 

In operation, contacts 320C may serve as input, output, or input/output terminals 
carrying AC (alternating current) signals. Layer 210 shields the substrate 110 from the 
electromagnetic field generated by these signals. The shielding reduces signal 
attenuation and substrate noise. Conductive shields 210 can be held at a constant 
1 0 potential VREF, as schematically shown in Fig. 4A. VREF can be ground, VCC, or 
some other value. Each conductive shield 210 in an opening 130 physically contacts a 
surrounding region 110.1 of substrate 110. Conductive shields 2 1 0 in different openings 
130 can be at different potentials in the same integrated circuit. 

Region 11 0.1 can be at the same potential VREF as the adjacent shield 210 or at a 
15 different constant or variable potential. In some embodiments, the regions 210, 1 10.1 
form a diode reverse biased dxaring operation. 

Fig. 4A illustrates a region 11 0.2 in substrate 110. Region 1 10.2 can be a 
transistor region (source, drain, channel, emitter, etc.) or any other type of region. 
Region 1 10.2 can carry an AC signal. Region 1 10.2 is shielded by layer 210 from signals 
20 on pads 320C. Region 1 10.2 may be isolated from region 1 10. 1 by one or more P-N 
junctions. 

The integrated circuit may have other backside contacts (not shown) which do not 
have a conductive shield around them. These contacts can be manufactured from layer 
320 at the same time as the shielded contacts 320C. The non-shielded contacts are 

25 manufactured in openings (not shown) formed at the same time as openings 130, but 
layer 210 is etched out of these openings when this layer is patterned. In some 
embodiments, non-shielded contacts carry a DC voltage, e.g. they serve as power supply 
or ground terminals. In some embodiments, non-shielded contacts carry low frequency 
signals. The invention is not limited to a particular use of shielded or non-shielded 

30 contacts. 
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We now describe particular materials and processing techniques used in some 
embodiments. Conductive layers 210, 320 can be made of metals, doped polysilicon, 
conductive metal silicides, and their combinations. Insulating layers 120, 310, 340 can 
be made of silicon dioxide, silicon nitride, silicon oxymtride, aluminum oxide, tantalum 
5 oxide, titanium oxide, and their combinations. Layers 210, 320, 120, 310 can be 

fabricated by known techniques, such as sputtering, thermal oxidation, or C VD (chemical 
vapor deposition). Other materials and fabrication techniques, known or to be invented, 
can also be used. Each of layers 210, 320, 120, 310, 340 can include multiple layers and 
multiple materials. In some embodiments, layer 210 includes a layer that has a higher 
1 0 conductivity than the adjacent semiconductor regions 110.1. 

In some embodiments, the wafer thinning is a blanket etch process. When layers 
210, 310 become exposed, the etch continues and etches the substrate 110 and the layers 
210, 310 at the same time. In Fig. 4 A, insulator 310 protrudes down after the etch from 
the backside surface of substrate 110. The protruding insulator helping insulate the 

15 substrate from contact pads 320C when the contact pads are bonded to a wiring substrate 
or another integrated circuit. Conductor 210 also protrudes down from substrate 110, but 
insulator 310 protrudes more to improve insulation between conductors 210, 320. This 
profile is achieved by choosing the materials and the etching process so that the etch rate 
of wafer 1 10 is higher than the etch rate of layer 210 and the etch rate of layer 210 is 

20 higher than the etch rate of insulator 310. The layer 320 has the lowest etch rate (zero for 
example). In some embodiments, the etch is performed by fluorine containing plasma at 
atmospheric pressure. A suitable etcher is type Tru-Etch 3000 (Trademark) available 
from Tru-Si Technologies, Inc., of Sunnyvale, California. Wafer 1 10 is made of 
monocrystalline silicon. Conductor 210 is made of titanium, tungsten, molybdenum, 

25 vanadium, or their silicides, or titaniimi nitride, or a combination of these materials. 
Insulator 310 is made of siMcon dioxide, silicon nitride, silicon oxynitride, or a 
combination of these materials. Conductor 320 is formed, or includes a layer formed, of 
aluminum, copper, nickel, or a combination of these materials. 

Fig. 5 illustrates another embodiment. The same etch is used as in Fig. 4A, but 
30 the conductor 210 is etched faster than substrate 1 10 and insulator 310. For example, the 
substrate 110 can be monocrystalline silicon and the layer 210 can be doped polysilicon. 
The remaining materials can be as in Fig. 4A. Polysilicon is initially etched faster than 
monocrystalhne silicon 110, but when polysilicon becomes recessed relative to silicon 



110, the polysilicon etch rate may decrease if the recess is narrow, i.e. if the layer 210 is 
thin. In some embodiments, each of layers 120, 210, 310, 320 is about 1 |im thick, and 
each opening 130 is about 100 jim deep and 30 to 50 jim wide. 

The structure of Fig. 5 is advantages because it facilitates insulation of layer 210 
5 on the wafer backside. The invention is not limited to any etch rates or etching processes. 

In some embodiment, layer 210 is a highly doped conductive region of substrate 
110. Layer 210 can be created by ion implantation or dopant diffusion before or after 
formation of openings 130. Alternatively, layer 210 can be formed when substrate 1 10 is 
created. For example, layer 210 can be an epitaxial layer in substrate 110. Layer 210 can 
10 also be formed by a combination of the techniques mentioned above (ion implantation, 
epitaxial layer, etc.). Of note, layer 210 does not need to extend to the bottom of 
openings 130 because the bottoms of openings 130 are removed during wafer thinning. 
Layer 210 may cover all or part of the sidewalls of the openings 130 after the structure 
has been thinned, 

15 In some embodiments, the resistivity of layer 210 is at most 100x10"^ Q-cm, or at 

most 90x10"^ Q-cm, or at most 50x10"^ Q-cm, or at most 10x10'^ Q-cm. These ranges are 
exemplary and not limiting. 

In some embodiments, the wafer thinning includes multiple stages. At first, wafer 
1 10 is thinned by etching, mechanical grinding, and/or some other process. Conductor 

20 210 becomes exposed at the bottom and possibly at the sides of openings 130 but 

conductor 210 does not have to be etched at this stage. Conductor 210 is etched at a later 
stage by a separate process. Substrate 110 and insulator 310 maybe etched at this later 
stage and/or at a subsequent stage. Photolithographic masking can be used at any or all 
of these stages to obtain desired etch selectivity. Some embodiments do not use 

25 photolithographic masking. 

When the structure has been thinned, an insulator 602 (Fig. 6) is formed on wafer 
backside HOB. The portions of layer 602 on substrate 1 10, conductor 210, and 
conductor 320 are marked respectively as 602.1 10, 602.210, 602.320. In some 
embodiments, insulator 602 is fomed by processing the wafer backside with oxygen or 
30 nitrogen to form oxygen or nitrogen compounds 602.1 10, 602.210, 602.320 (for example, 
silicon oxide or nitride and metal oxides or nitrides). Oxygen or nitrogen plasma 
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processing can be used. Masking is not needed. Later, the insulator 602320 on contacts 
320C can be removed without removing the insulators 602.1 10, 602.210, In some 
embodiments, the insulator 602.320 is removed without masking. For example, the 
insulator 602.320 is removed by a solder flux that does not attack the insulators 602,1 10, 
5 602.210. In one such embodiment, layer 320 is copper, or includes a copper sub-layer on 
the bottom; layer 210 is titanium; substrate 1 10 is silicon; and insulator 602 is formed 
with oxygen. Solder fluxes are known that will remove copper oxide but not silicon 
oxide or titanium oxide. 

If substrate 110 is made of an insulating material, the insulator 602.110 will not 
1 0 necessarily be formed. Insulator 610 may or may not be formed on insulator 310. In 
other embodiments, insulator 602 can be grown on substrate 1 10 but not on conductor 
210 depending on the materials and processes used. 

Another suitable process for insulating the wafer backside is illustrated in Figs. 7- 
8. The structure is positioned with the backside HOB facing up, and a flowable material 

15 610 is deposited on the backside by a spin-on or spraying process. Suitable materials 
include glass, polyimide, flowable thermosetting polymers, or other materials which can 
be deposited by a spin-on or spraying process and which are dielectric when cured. Low 
viscosity materials are particularly suitable but not necessary. See the aforementioned 
U.S. patent application 09/456,225. hi Fig. 7, layer 610 covers the contacts 320C, but 

20 layer 610 is thinner over the contacts 320C than over the rest of the wafer. In other 
embodiments, layer 610 does not cover the contacts 320C. 

Layer 610 is cured, and then etched by^a blanket etch until the contacts 320C are 
exposed. See Fig. 8. Conductor 210 remains covered by layer 610. The etch can be 
omitted if layer 610 did not cover the contact 320C when the layer 610 was initially 
25 deposited. 

In some embodiments, the thickness of layer 610 over contacts 320C at the stage 
of Fig. 7 is about 1 to 10 /am; contacts 320C protrude by about 5 to 50 |am (measured 
vertically) over the backside (top) surface of substrate 110; insulator 310 protrudes by 
about 1 to 40 (xm; conductor 210 protrudes by about 3 to 30 jim. 

30 Some embodiments combine the processes of Figs. 6-8. Insulator 602 is formed 

as in Fig. 6, then insulator 610 is formed as in Figs. 7-8. In other embodiments, insulator 
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610 is formed first. The etch of insulator 610 (Fig. 8) may or may not expose the 
conductor 210. Then insulator 602 is grown to assure insulation of conductor 2 1 0 on the 
wafer backside. 

An advantage of the processes of Figs. 6-8 is that no photolithography is needed. 
Other embodiments use photolithography. For example, insulator 610 can be formed 
from a flowable or non-flowable material, and patterned photolithographically to expose 
the contacts 320C but not the conductor 210 or substrate 110. 

Figs. 9 and 10 illustrate another thinning technique. A mechanical process such 
as mechanical grinding or chemical mechanical polishing exposes the conductor 320 on 
the backside 1 lOB. In Fig. 9, the mechanical process removes the conductor 320 from 
the bottom of openings 130, so that the filler 340 is exposed. In some embodiments, a 
wet or dry etch is used to expose the conductor 320, and then a mechanical process is 
used to remove conductor 320 from the bottom of openings 130. Other combinations of 
processes are possible. In Fig. 9 the wafer backside is flat because all of the materials are 
removed at the same rate, thougti this is not necessary. 

Then the wafer backside is etched by a process which etches the materials 110, 
210, 310 faster than the conductor 320 and the filler 340 (Fig. 10). The etching processes 
described above in connection with Figs. 4A, 4B, and 5 can be used to achieve a profile 
similar to that of Fig. 4 A or 5. Before the etch, the wafer backside can be cleaned to 
remove any particles of materials 320, 340 from the surface of substrate 110. The 
particles of materials 320, 340 could be carried onto the back surface of substrate 1 10 by 
the mechanical process described above in connection with Fig. 9, especially if the 
materials 340 and 320 are soft (for example, copper). As indicated above, the filler 340 
can be omitted, or can be part of layer 320. 

After the etch, the wafer backside can be insulated by any of the processes 
described above in coimection with Figs. 6-8. 

Figs. 1 1-13 illustrate another thinning technique. At first, the thinning operation 
removes a portion of substrate 1 10 and conductor 210, but the insulator 310 still covers 
the conductor 320. Suitable processes for this operation include mechanical grinding of 
substrate 110, followed by an atmospheric pressure etch in a fluorine containing plasma 
such as described above in connection with Figs. 4A, 5. In one embodiment, insulator 
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310 is silicon dioxide. Silicon dioxide can be etched about 8-10 times slower than 
monocrystalline sihcon. In other embodiments, insulator 310 is aluminum oxide, 
titanium oxide, or Alx Tiy Oz. These compounds can be wet-etched by known techniques. 
Other compounds, compositions, and processes are possible. 

Then insulator 610 (Fig. 12) is fabricated as described above in connection with 
Figs. 7-8. For example, a flowable material is spun or sprayed on the wafer backside, 
then cured, and then etched with a blanket etch. The etch is selective to insulator 310 so 
that the conductor 320 is not exposed. In some embodiments, insulator 610 is polyimide 
etched in oxygen plasma at atmospheric pressure in a Tru-Etch 3000 etcher; insulator 310 
is silicon dioxide. Insulator 310 and conductor 320 protrude from the top surface of 
insulator 610. 

Then insulator 310 is etched off the contacts 320C (Fig. 13). This etch does not 
remove the insulator 610 if insulator 610 is sufficiently thick and/or the etch is 
sufficiently selective to insulator 610. To obtain selectivity, insulator 610 can be 
polyimide, insulator 310 can be silicon dioxide, and the etch can be performed in a 
fluorine containing plasma (e.g., at atmospheric pressure in a Tru-Etch 3000 etcher). 
Photolithography can also be used to achieved desired selectivity. Some embodiments do 
not use photolithography. 

In some embodiments, fabrication of insulator 610 is preceded, or followed, by 
fabrication of insulator 602 (Fig. 6). Insulator 602 can be formed before or after the etch 
ofinsulator310 (Fig. 13). 

When the wafer fabrication has been completed, the wafer can be diced to provide 
a number of individual integrated circuits. Alternatively, the whole wafer can be a single 
integrated circuit. 

Fig. 14 illustrates another embodiment. After the openings 130 have been 
formed, an insulating layer 1 1 10 is fabricated over the wafer. Then conductive layer 210 
is fabricated that will provide electromagnetic shielding. Insulator 1110 insulates the 
substrate 1 10 from conductor 210. Suitable insulators include silicon dioxide, BPSG, 
silicon nitride, and other insulating materials, known or to be invented. The insulator can 
be formed by thermal oxidation, CVD (chemical vapor deposition), or other techniques, 
known or to be invented. 



Insulator 1 1 10 can be patterned as needed. 

Layers 210, 310, 320, and optionally 340 are formed as described above in 
connection with Figs. 1-13. 

Then the structure is thinned by any of the techniques described above in 
5 connection with Figs. 1-13. Fig. 15 illustrates the structure thinned by an etch described 
above in connection with Fig. 4A. Insulator 1 1 1 0 is etched off the conductor 2 1 0 on 
backside 1 1 OB by this etch. In some embodiments, the etch rate of insulator 1 1 10 is the 
same as for insulator 3 1 0, though this is not necessary. The two insulators can be formed 
from identical materials. The remaining fabrication steps, including fabrication of 
10 insulators 602, 610, can be as described above in connection with Figs. 1-13. 

In some embodiments, before the conductor 210 is fabricated, insulator 1 1 10 is 
removed from some, but not all, of openings 130, As a result, conductor 2 1 0 contacts 
substrate 1 10 in some, but not all, of the openings. Layer 210 can be patterned so that the 
shields 210 in different openings are insulated from each other. 

15 Some embodiments include multiple shield layers. In Fig. 16, two conductive 

shield layers 210.1, 210.2 are present. After the openings 130 are formed, insulator 1 1 10 
is fabricated as described above in connection with Fig. 14. (Insulator 1 1 10 is omitted in 
some embodiments, or is fabricated but etched out of some, but not all, of openings 130.) 
Then conductive layer 210.1, insulating layer 310.1, conductive layer 210.2, insulating 

20 layer 310.2, and conductive layer 320 are fabricated, in that order. These layers are 

patterned as desired. For example, layer 210.1 or 210.2 can be etched out of some, but 
not all, of the openings, so that some openings will have only one shield layer (210.1 or 
210.2 but not both). Then the wafer is thiimed so that the conductor 320 becomes 
exposed on the wafer backside. Then insulators 602 and/or 610 are formed as described 

25 above, to insulate the wafer backside but expose the contacts 320C. More than two 

shield layers can be used. One or more of the shield layers can be recessed as in Fig. 5. 
In operation, each shield 210.1, 210.2 can be held at a constant potential, as described 
above in connection with Fig. 4A. Multiple shield layers improve electromagnetic 
shielding, 

30 As illustrated in Fig. 17, before the wafer is thinned, the wafer front side can be 

bonded to one or more substrates 1410 to form a vertically integrated structure. One or 
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more of the substrates 1410 may include circuitry. See the aforementioned U.S. patent 
application 09/456,225, Alternatively, a substrate 1410 can be used for protection only. 
Substrates 1410 will protect the circuitry at the front side of wafer 110 during the 
thinning of wafer 1 10 and subsequent processing steps. 

5 This technology can be used to create capacitor and/or rectifier networks at 

contact pad 320C. Fig. 18 illustrates a circuit diagram obtained in Figs. 4A-13. 
Conductive layers 210, 320 and insulator 310 form a capacitor 1504. The capacitor can 
be used as a bandpath filter, for example. 

Li Fig. 18, pad 320C is connected to a circuit 1510 formed in substrate 1 10. In 
10 some embodiments, pad 320 is not connected to such a circuit, but conductor 210 is. In 
some embodiments, both pad 320C and conductor 210 are connected to such circuits. 

Capacitor 1504 can be a junction capacitor or a rectifier. Insulator 310 can be 
omitted. Layers 320, 210 can be semiconductor layers of opposite conductivity types to 
form a P-N junction. Alternatively, the two layers can form a Schottky junction if one of 
15 the two layers is an N-type semiconductor layer and the other one of the two layers is a 
metal layer. 

In each of Figs. 19, 20, conductor 210 and substrate 1 10 form a diode 1610. 
(Layer 210 serves as the anode in Fig 19, as the cathode in Fig. 20.) Diode 1610 is a P-N 
junction diode if conductor 210 and the adjacent region 1 1 0. 1 of substrate 1 1 0 are 
20 semiconductor materials of opposite conductivity types. Diode 1610 is a Schottky diode 
if layer 210 is metal and region 1 10.1 is N type. Pad 320C, layer 210, and/or substrate 
region 1 10.1 can be connected to circuits formed in substrate 110, such as circuit 1510. 

Fig. 21 is a circuit diagram for the structure of Fig. 15. Capacitor 1504,1 is 
formed like capacitor 1504 in Fig. 1 8. Capacitor 1504.2 is formed by conductor 210, 
25 substrate region 110.1, and insulator 1110. Substrate region 1 1 0. 1 is doped to achieve 
desired conductivity. 

Any or both of capacitors 1504.1, 1504.2 can be junction capacitors or rectifiers 
as described above in connection with Figs, 1 8-20. Insulating layers 310 and/or 1110 can 
be omitted. 
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Fig. 22 is a circuit diagram for the structure of Fig. 1 6. Capacitor 1504.1 is 
formed by conductive layers 320, 210.2 and insulator 310.2. Capacitor 1504.2 formed by 
conductive layers 210.2, 210.1 and insulator 310.1. Capacitor 1504.3 is formed by layer 
210.1, substrate region 1 10.1, and insulator 1110. 

5 Any one or more of capacitors 1 504. 1 , 1 504.2, 1 504.3 can be junction capacitors 

or rectifiers. 

The capacitor plates can be interconnected. Fig. 22, the layers 320, 210.1 are 
connected together, as shown by a line 1910, so that the capacitors 1504,1, 1504.2 are 
connected in parallel between contact pad 320C and conductor 210.2 which is connected 

10 to a circuit 1510. Connection 1910 can be made outside of the opening 130. Connection 
1910 can be a permanent connection. Alternatively, coimection 1910 can be 
programmable (e.g. using a fuse or an antifuse), to allow the capacitance to be adjusted 
during or after manufacturing. Connection 1910 can be realized by means of contact 
openings (not shown) etched outside of opening 150 and allowing the layers 320, 210.1 

15 to contact each other directly or through some other layer or layers. 

Any number of layers 210 can be used to form any number of capacitors and 
rectifiers between contact pad 320C and substrate 110 and to provide desired 
electromagnetic shielding. Connections 1910 can be used to obtain a desired network. 

Fig. 23A illustrates another type of capacitor structure. The structure is 
20 manufactured as follows: 

1 . One or more openings 130 are formed in the front side of substrate 1 10, as 
in Figs. 1-17. 

2. Optionally, insulating layer 11 10 is formed as in Fig. 16. 

3. One or more conductive layers 210 are formed in the openings as in Fig. 
25 15 or 16. Only one such layer is shown in Fig. 23 A. Insulating layers 310 (such as 

310.1, 310,2 in Fig. 16) can optionally be formed between layers 210. 

4. Optionally, insulator 3 10 is formed in the opening over the layers 210, 
using the same techniques as in Fig. 15. 
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5. Conductive layer 320.1 is formed using techniques described above for 
layer 320 of Fig. 3-16. 



6. Insulating layer 2010.1 is formed using techniques described above for 
layer 310 (Fig. 15). 

5 7. Step 5 is repeated to form conductive layer 320.2, then step 6 is repeated 

to form insulating layer 2010.2, then step 5 is repeated to form conductive layer 320.3. 

8, Optionally, the openings 130 are filled with some material 340 (as in Fig. 
3). The openings caa also be filled at step 7 with layer 320.3. 

9. Then the wafer backside 1 1 OB is processed to expose the layer 320. 1 . 
10 This can be done by techniques described above in connection with Figs. 4A-17. The 

exposed portion of layer 320.1 provides contact pad 320C. The wafer backside can be 
insulated as described above in connection with Figs. 6-17. 

Fig. 23B shows a circuit diagram for Fig. 23 A. Layers 320.1, 310, 210 form a 
capacitor 1504.1. Layers 210, 1110, and substrate region 110.1, form a capacitor 1504.2 
15 (if region 1 10.1 is made conductive by doping). Layers 320.1, 2010,1, 320.2 form a 
capacitor 2020.1. Layers 320.2, 2010,2, 320.3 form a capacitor 2020.2. 

Permanent or programmable connections 1910 can be formed outside of openings 
130 between selected conductive layers. In Fig, 23 A, a permanent connection 1910,1 
connects layer 320.2 to layer 210. Hence, capacitors 2020.1, 1504.1 are connected in 
20 parallel between the pad 320C and an electrical node N fomied by layers 210, 320.2. A 
permanent connection 1910.2 connects layer 320.3 to layer 320.1, increasing the total 
capacitance between pad 320C and node N. 

Fig. 23C is another circuit representation of the structure of Fig. 23 A. Capacitors 
2020.1, 2020.2 can be viewed as a single capacitor having: (i) one conductive plate 
25 having "fingers" 320.1, 320.3, and (ii) another conductive plate having "fingers" 210, 

320.2. These interleaving fingers overlay each other, forming an interdigitated structure 
as seen in the vertical cross section. This helps explain why a large capacitance can be 
obtained in a small area. 
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Steps 5 and 6 can be repeated to form any number of layers 320, 2010, and thus 
any number of capacitors 2020. One or more of insulating layers 201 0 can be omitted, 
and one or more of the elements 2020 can be junction capacitors or rectifiers. Layer 310 
can be omitted and a junction capacitor or rectifier can be formed by layers 320.1, 210. 

In some embodiments, any one or more of layers 1 1 1 0, 2 1 0, 3 1 0, 320, 20 1 0 are 
present in some openings 130 but not in the other openings 130 in the same structure. 
For example, some of these layers can be etched out of some of the openings. 
Alternatively, these layers can be formed selectively in some but not all of the openings. 
Layers 210 provide electromagnetic shielding for substrate 110. 

As illustrated in Fig. 24, any number of layers 210 and any number of layers 320 
can be provided to obtain a large number of capacitive networks and a large variety of 
electromagnetic shielding parameters in a small area. Rectifiers or junction capacitors 
can be obtained if one or more of insulating layers 310, 2010, 1 110 are omitted. 

The invention is not limited to processes, materials, dimensions, and structures 
described above. For example, non-silicon semiconductor materials are used in some 
embodiments. Other embodiments and variations are within the scope of the invention, 
as defined by the appended claims. 
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